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MR IMAGING UNDER CONTROL OP 
BOTH THE NUMBER OF DATA ACQUISITION TIMES AND THE NUMBER 
OF PRE-PULSE APPLICATION TIMES IN THE SAME K^SPACE 

5 Background of thr Invention 

(Technical Field of the Invention) 

The present invention relates to magnetic resonance imaging 
based on a magnetic resonance phenomenon in an object to be examined 
ro obtain images of the object, and in particular, to the magnetic 

10 resonance imaging designed to perform a pulse sequence based on an 
encoding technique known as "Elliptic Centric (or Swirl)" preferable ro 
contrast enhanced MRA (Magnetic Resonance Angiography) adopting a 
dynamic scan performed with an MR (Magnetic Resonance) contrast 
agent injected into the object. 

1 5 (Description of Prior Art) 

Magnetic resonance imaging is based on a technique that 
magnetically excites nuclear spins in an object placed in a static 
magnetic field with an RF signal of a Larmor frequency oi the nuclear 
spins, acquires an MR signal emanated from the object due co the 

20 excitation, and reconstructs an image using the MR signal. 

In order to perform this magnetic resonance imaging, it is required 
to use a train of pulses, that is, a pulse sequence that has a variety of 
types of pulses lined up in rime in accordance with a predetermined rule. 
Based on this pulse sequence, an RF pulse is transmitted from an RF coil 

2 5 to an object to be examined, and an echo signal (MR signal) emanated in 
response ro rhis transmission from the object based on a magnetic 
resonance phenomenon of nuclear spins in the object. The received 
echo signal is then subjected to post-processing ro convert it into echo 
data. If an image reconstruction algorithm relies on a Fourier transform, 

30 each echo dara is mapped in a frequency space (k-space) at its encoded 
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position defined by a specified amount of an encoding gradient pulse A 
set of data filled in this frequency space is then applied to the Fourier 
transform, so that the data is reconstructed into a real-space image. 

One type of magnetic resonance imaging is MRA (magnetic 
5 resonance angiography). This MRA can also be categorized into various 
types, which have been researched actively at present. One type of MRA 
is known as a contrast enhanced MRA technique that utilizes an MR 
contrast agent injected into an object to be examined. The contrast 
agent causes the enhancement in contrast of an image. For performing 
10 the contrast enhanced MRA, a dynamic scan is normally carried out, 
which allows a desired object's region to be scanned repetitively at 
intervals. 

In the contrast enhanced MRA, it is preferred to conduct an 
encoding technique that gives priority to a central region of a view 

15 presented by an image, because a desired blood vessel to be observed, 
which shows a sharp increase in the contrast due to incoming of an 
injected contrast agent into the scanned region, is made to locate at the 
central region. As one type of this encoding technique, there is known 
"an Elliptic Central (or Swirl)" technique, which uses a pulse sequence in 

20 which encoding amounts are set to acquire data to be mapped in a 
central part of the k-space (i.e., frequency space) immediately after 
starting a scan. 

Meanwhile, in the case of the contrast enhanced MRA, securing 
high temporal resolution is another factor which should be managed with 

2 5 high attention. From this viewpoint, a further sampling technique has 
been developed, wherein each unit of acquisition (i.e., RF excitation) in a 
pulse sequence is determined so that data to be mapped in a central part 
of the k-space is acquired more than data to be mapped in the remaining 
part thereof. This sampling technique is sometimes referred to as a 

30 M 3Dtncs (or DRKS (Differential Rate k-space Sampling)" technique 
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Applying the processing on a view share technique to the data acquired 
using this sampling technique gives high temporal resolution to the 
dynamic scan. 

This 3Dtncs technique performed in combination with the 
5 foregoing Elliptic Centric technique is exemplified by a reference U ISMRM 
2000 No. 1799.* 

It is frequent that the foregoing MRa is earned out using a pulse 
sequence for a three-dimensional FFE (Fast FE) method. This pulse 
sequence often includes a desired-purpose pre-pulse, such as fat 

10 suppression pulse, applied before applying a radio frequency (RF) 
excitation pulse (flip pulse) However, applying the pre-pulse to an 
object before all of the RF excitation pulses results in a longer scan time- 
One countermeasure to remove such an inconvenience is provided by 
Japanese Patent Laid-open (KOKAI) No. 2001-170023. As proposed 

15 therein, the frequency of application of a pre-pulse is changed as the 
encoding position is shifted outward from the 2ero-encoding position in 
the k- space. This adjustment of application frequency of the pre-pulse 
has been reduced into practice in combination with the foregoing Elliptic 
Centric technique. 

20 The application technique of the pre-pulse disclosed by Japanese 

Patent Laid-open (KOKAI) No. 2001-170023 would be, if performed, a 
help for shortening the scan time and obtaining the effect from a desired 
pre-pulse. However, in applying such application technique to the 
contrast enhanced MRA based on a three-dimensional (3D) FFE method 

2 5 which has become popular recently, there is a problem that the contrast 
enhanced MRA cannot be finished withm a period of time during which 
an object (patient) is usually able to temporarily hold his or her breath 
without interruptions (i.e , object's one-time continuous breath hold 
period). The breath-hold technique is significant in removing object's 

30 motion artifacts from reconstructed MR images. 
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Summary of the Invention 

The present invention has been performed in consideration of the 
drawbacks that the foregoing conventional MRA imaging faces. An 
object of the present invention is to provide a magnetic resonance 
imaging system and a data acquisition technique for the system, which 
are in particular preferable to three-dimensional contrast enhanced MRA, 
in which high temporal resolution can be maintained, a scan can be 
finished within an object's one-time continuous breath hold period which 
can be executable for ordinary objects, and a desired degree of contrast 
on an image can be secured in response to application of a desired pre- 
pulse (i.e., a desired effect of the pre-pulse). 

In order to realize the above object, the present invention provides, 
as one aspect thereof, a magnetic resonance imaging system for 
producing an image based on data acquired from an object to be imaged, 
the data being acquired using a pulse sequence applied to the object and 
formed to include a pre-pulse, an RF excitation pulse, an encoding 
gradient pulse, and a reading gradient pulse. The magnetic resonance 
imaging system comprises: a memorization unit configured to memorize 
information indicative of the pulse sequence of which encoding gradient 
pulse has an encoding amount determined to allow a data acquisition 
position in a k- space to be directed outward from a center of the k- space, 
of which a tram of pulses including the RF excitation pulse, the encoding 
gradient pulse, and the reading gradient pulse is repeated to allow the 
number of times of data acquisition in the k-space to become larger as 
approaching to a central region of the k-space, and of which pre-pulse is 
formed to be reduced in an application rate to the RF excitarion pulse as 
approaching to an outward position in the k-space; a scan unit 
configured to scan the object using the pulse sequence memorized in the 
memorization unit, an acquisition unit configured to acquire data 
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corresponding to an MR signal emanating from the object in response to 
the scan performed by the scan unit and to map the data in the k-space; 
and an image production means configured to reconstruct the data 
mapped in the k-space by the acquisition unit so that the image is 
5 produced 

Thus, data to be mapped in a central region of a k-space is 
subjected to larger times of acquisition than data to be mapped in the 
other regions of the k-space, whereby higher temporal resolution being 
secured. As to a desired-purpose pre-pulse, the closer an acquisition 

10 position to a central region of the k-space, the larger an application rate 
of the pre-pulse. Hence the pre-pulse can be applied to a desired region 
in the k-space, the desired region being susceptible to the pre-pulse in. 
deciding the contrast of an MR image. In parallel, the other regions in 
the k-space are not subjected to many times of application of the pre- 

1 5 pulse, so that a scan time is still suppressed form increasing. Therefore, 
even for conducting three-dimensional contrast enhanced MRA, the scan 
time can be limited to a period of time falling a usual patient's one-time 
breath hold- 
By way of example, the pulse sequence memorized in the 

2 0 memorization unit is formed to have the pre-pulse is applied only to data 
acquisition in a desired central region of the k-space. It is preferred that 
the pulse sequence memorized in the memorization unit is formed to have 
the pre-pulse applied such that, in a desired central region of the k-space, 
the pre-pulse is applied in a one to one correspondence manner 

2 5 compared to the RF excitation pulse, while, in an outer region of the 
desired central region, the pre-pulse is applied intermittently at a rate 
increasing as advancing outward in the k-space. 

Preferably, the pre-pulse is one selected from a fat suppression 
pulse, an 1R (Inversion Recovery) pulse, an MT (Magnetic Transfer) pulse, 

30 a pre-saturation pulse, and a tagging (Tag) pulse. It is also preferred 
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that the pulse sequence consists pf a two-dimensional or three- 
dimensional FE (Gradient Echo)- system pulse tram, the P£ system 
including an F£ method and an PF£ (Fast F£) method. 

As another aspect, the present invention provides a method for 
5 acquiring data from an object to be imaged in magnetic resonance 
imaging for producing an image based on the data mapped in a k-space, 
the data being acquired using a pulse sequence applied to the object and 
formed to include a pre-putse, an RF excitation pulse, an encoding 
gradient pulse, and a reading gradient pulse, the method comprising the 

10 steps: scanning the object using the pulse sequence or* which encoding 
gradient pulse has an encoding amount determined to allow a data 
acquisition position in the k-space to be directed outward from a center of 
the k-space, of which a tram of pulses including the RF excitation pulse, 
the encoding gradient pulse, and the reading gradient pulse is repeated to 

15 allow the number of times of data acquisition in the k-space to become 
larger as approaching to a central region of the k-space, and of which 
pre-pulse is formed to be reduced in an application rate to the RF 
excitation pulse as approaching to an outward position in the k-space; 
receiving an MR (magnetic resonance) signal emanating from the object 

20 in response to the scanning; and mapping data corresponding to the MR 
signal into the k-space. 

This method also achieves the similar effects to those obtainable 
from the foregoing magnetic resonance imaging system- 
Still, as another aspect of the present invention, there is provided 

2 5 a program installed in a magnetic resonance imaging system and 

executed by a computer of the magnetic resonance imaging system in 
order to acquire data from an object to be imaged using a pulse sequence 
formed to include a pre-pulse, an RF excitation pulse, an encoding 
gradient pulse, and a reading gradient pulse, the acquired data being in a 

3 0 k-space, wherein the pulse sequence is formed such that the encoding 
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gradient pulse has an encoding amount determined to allow a data 
acquisition position in the k-space to be directed outward from a center of 
the k-space, a train of pulses including the RF excitation pulse, the 
encoding gradient pulse, and the reading gradient pulse is repeated ro 
5 allow the number of times of data acquisition in the k-space to become 
larger as approaching to a central region of the k-space, and the pre - 
pulse is formed to be reduced in an application rate to the RK excitation 
pulse as approaching to an outward position in the k-space. 

Installing this program into a magnetic resonance imaging system 
10 provides the foregoing advantages. 

Brief Description of rhe..D.rawings 
In the accompanying drawings: 

Fig. 1 shows a block diagram of a magnetic resonance imaging 

1 5 system according to an embodiment of the present invention; 

Fig. 2 is an illustration conceptually explaining an Elliptic Centric 
technique; 

Fig. 3 is an illustration conceptually explaining a "3Dtrics" 
technique; 

2 0 Fig. 4 conceptually illustrates application of a pre-pulse to which 

the present invention is applied; and 

Fig. 5 is a flowchart showing an example of a pulse sequence 
according to a 3D FE method, which is used in an embodiment of the 
present invention. 

25 

Derailed Description of Preferred Fmhnfiimpnr 
Hereinafter, with reference to Figs 1 to 5, an embodiment of the 
present invention will now be described. 

A magnetic resonance imaging (MRI) system used in this 
30 embodiment is outlined in Fig. 1. 

7 



2003-06-26 lfl:32 JgJffc-NiXOW * iSil7C-*«l|.l»Wa'tf tf/ti J-2ZI P 014/037 U-5Q4 



The magnetic resonance imaging system composes a patient 
couch on which a patient (object to be examined) P lies down on its couch 
top, static field generating components for generating a static magnetic 
field, gradient generating components lor appending positional 
5 information to the static magnetic field, transmitting/ receiving 
components for transmitting and receiving radio-frequency signals, 
controlling and calculating components responsible lor control of the 
whole system and reconstruction of images, eieetrocardiographing 
components for acquiring an ECG signal which is a representative signal 

10 indicative of the cardiac temporal phase of a patient, and breath-hold 
instructing components for instructing the patient to temporarily hold 
his or her breath. 

The static field generating components includes a magnet 1 that is 
of, for example, a superconducting type, and a static power supply 2 for 

1 5 supplying a current to the magnet 1, and generates a static magnetic field 
H 0 in an axial direction (Z-axis direction) in a cylindrical bore (diagnostic 
space) into which a patient P is inserted The magnet unit is provided 
with shim coils 14. A current used to homogenize a static magnetic field 
is supplied from a shim coil power supply 15 to the shim coils 14 under 

20 the control of a host computer to be described later. The couch top of 
the patient couch on which the patient P lies down can be inserted into 
the bore of the magnet 1 so that the couch top can be withdrawn 
therefrom. 

The gradient generating components has a gradient coil unit 3 
2 5 incorporated in the magnet 1. The gradient coil unit 3 comprises three 
pairs (kinds) of x-, y-, and z-coils 3x to 3z used to generate gradients 
(magnetic field gradients) changing in strength in predetermined physical 
X-axis, Y-axis, and 2-axis directions that are mutually orthogonal. The 
gradient generating components further include a gradient power supply 
30 4 for supplying pulsed currents to the x-, y-, and 2-coils 3x to 3z to 
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generare pulsed gradients under the control of a sequencer 5 that will be 
described later 

The pulses currents supplied from the gradient power supply 4 to 
the x-, y-, and z-coils 3x to 3z are controlled, whereby gradients in the 
5 three physical X-, Y-, and Z- directions are synthesized arbitrarily. Thus, 
logical axial directions consisting of directions of a slice gradient G s> a 
phase-encoding gradient G e> and a readout (frequency-encoding) gradient 
G R can be specified and changed arbitrarily. The gradients to be applied 
individually in the slice direction, phase-encoding direction, and readout 

10 direction are superposed on the static magnetic field H 0 . 

the transmitting/ receiving components comprises not merely an 
RF coil 7 located in the vicinity of a patient P in the bore inside the 
magnet 1 but also a transmitter 8T and a receiver 8R both electrically 
connected to the coil 7, which operate under the control of a sequencer 5 

15 described later. The transmitter 8T supplies to the RF coil 7 pulsed RF 
currents of a Larmor frequency to excite spins to cause a nuclear 
magnetic resonance (NMR) phenomenon The receiver 8R takes in MR 
signals (such as echo signals; RF signals) that the RF coil 7 has received, 
carries out various kinds of signal processing with the MR signals, such 

20 as pre-amplification, intermediate-frequency conversion, phase detection, 
lower-frequency amplification, and specified types of filtering, and A/D- 
converts the processed MR signals with produced digital data (i.e., 
original raw data). 

The control and calculation components include a sequencer 5 

2 5 (frequently referred to as a sequence controller), a host computer 6, a 

calculator 10, a storage 1 1, a display 12, an input device 13, and a voice 
generator 16. Of these, the host computer 6 has the function of 
providing the sequencer 5 with pieces of information based on a pulse 
sequence and managing the operations of the entire system according to 

3 0 previously installed software programs. 
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The host computer 6, which has a CPU and incorporated 
memories, commands the entire system to carry out an imaging scan in 
accordance with a predetermined pulse sequence. The imaging scan 
earned out in this embodiment is set to a dynamic scan for contrast 
5 enhanced MRA using a 3D (three-dimensional) FFE method However, 
an FE method can be adopted and a two-dimensional scan can also be 
adopted. 

Though being detailed later, the pulse sequence is programmed in 
advance such that a "3Dtrics (or DRKS (Differential Rate k- space 
10 Sampling)" Technique is earned out on the basis of an Elliptic Centric (or 
Swirl) technique and a pre-pulse is applied on the basis of features of the 
present invention. The data indicative of this program is stored in a 
recording medium 1 la composed of, for example, a ROM of the storage 
11. 

15 As the pre-pulse, one or more pulses selected from a group of a fat 

suppression pulse, an 1R (Inversion Recovery) pulse, an MT (Magnetic 
Transfer) pulse, a pre-saturation pulse, and a tagging (Tag) pulse are 
used. 

In order to suppress object's motion -originated artifacts appearing 
20 in an image, the contrast enhanced MRA carried out in this embodiment 
involves a breath-hold technique of an object (patient). 

The sequencer 5, which has a CPU and memories, stores pulse 
sequence information sent from the host computer 6, and controls the 
operations performed by the gradient power supply 4, transmitter 8T, 
2 5 and receiver 8R according to the stored information. Additionally the 
sequencer 5 temporarily receives digital data corresponding to MR 
signals outputted from the receiver 8R, before transferring them to the 
calculator 10. The pulse sequence information is made up of all pieces 
of information required for operating the gradient power supply 4, 
30 transmitter 8T, and receiver 8R according to a series of pulses consisting 
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oi a puisc sequence. This pulse sequence information therefore includes 
information on the strength, duration, and application timing of pulsed 
currents applied to the x-, y~, and z-coil 3x to 32. 

The calculator 10 receives digital echo data sent from the receiver 
5 8R via the sequencer 5, maps the received data in a Fourier space (known 
as a k-space or frequency space) formed in its incorporated memory, and 
performs a two-dimensional or a three-dimensional Fourier transform 
with the mapped data so as to reconstruct an image in the real space. 
Moreover, the calculator 10 also carries out such processing as synthesis 

10 and difference calculation of image data. 

The storage 11 has a memory that can preserve not only 
reconstructed image data but also image data that have undergone the 
synthesis and difference calculation. The storage unit 11 has a 
computer-readable recording medium 11a, such as ROM or disk, into 

15 which program data indicative of a desired type of pulse sequence for 
contrast enhanced MRA according to the present invention is recorded. 
The program data recorded in the recording medium 1 la of the storage 
11 is read out therefrom in response to a command issued by the host 
computer 6, and then sent to the sequencer 5 via the host computer 6. 

20 The display 12 displays an image. The input device 13 is used by 

an operator to provide the host computer 6 with desired imaging 
conditions, a desired pulse sequence, and information about image 
synthesis and/ or difference calculation. 

Further, the breath-hold instructing components have a voice 

25 generator 16 as its one constituent. When receiving a command from 
the host computer 6, the voice generator 16 utters voice or massages or 
sound which requests the start and end of patient's temporal breath hold 
Accordingly, when performing contrast enhanced MRA, at an adequate 
timing before a contrast agent injected into the object (patient) P reaches 

30 a desired region to be scanned, a temporal breath hold for a 



409*-tfb-tf 18:35 feJt-WIXON ft «Sl|7E-*JRBl«Wi'**«lWr T-2ZI P 018/037 U-594 



predetermined scan time is instructed toward the patient P The period 
of time for this temporal breath hold is set to an average time which can 
be continuous for ordinary parsons (for example, about 20 seconds). In 
contrast, there is some cases in which the temporal breath hold is not 
5 permitted. In such cases, the contrast enhanced MRA according to the 
present invention can be conducted without employing the breath hold 
technique. 

Moreover, the electrocardiographmg components comprises an 
ECG sensor 17 attached to the object's body to detect an electronic ECG 

10 signal and an ECG unit 18 performing various type of processing 
including digitization on the detected ECG signal, so that the processed 
ECG signal is sent to both the host computer 6 and the sequencer 5. 
This ECG signal is used, for example, by the sequencer 5 to perform an 
ECG-gating (electrocardiographing synchronization} imaging scan. This 

15 enables an appropriate determination of synchronous timing on the 
ECG-gating technique, whereby an imaging scan on the ECG-gating 
technique can be performed well to acquire data. 

In this embodiment, so as to perform contrast enhanced MRA 
based on the dynamic scan, a contrast-agent injecting apparatus 19 is 

20 provided. This contrast-agent injecting apparatus 19 allows a contrast 
agent to be injected into the object P through the vein. 

In the above configurations, the storage 1 1 corresponds to 
memorization means as a component of the present invention; the 
magnet 1, host computer 6, sequencer 5, gradient power supply 4, 

2 5 gradient coil unit 3, RF coil 7, and transmitter 8T form scan means as a 
component of the present invention; the RF coil 7, receiver 8R, and 
sequencer 5 form acquisition means as a component of the present 
invention; and a calculator 10 corresponds to image production means as 
a component of the present invention. 

30 A pulse sequence used by a dynamic scan for contrast enhanced 
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MRA will now be described. 

This pulse sequence is designed so that not only a "3Dtncs (or 
referred to as DRKS (Differential Rate k-space Sampling))* technique can 
be performed based on the Elliptic Centric (also known as "Swirl") 
5 technique but also a pre-pulse can be applied based on a technique 
according to the present invention. 

Practically, in order to give priority to both of a contrast in a 
central region of a view and a contrast immediately after starting a scan, 
the amount of the encoding gradient pulse is determined such that data 

10 to be mapped in a central region of the k-space (frequency space) 
immediately after the start of a scan is acquired on the basis of the 
Elliptic Centnc technique. Fig. 2 conceptually represents this 
determination of the encoding gradient pulse. As shown therein, the 
amounts of the encoding gradient pulse (phase encoding and slice 

IS encoding amounts) are set in such a manner that the data acquisition 
advances in the three-dimensional k-space outward from the center (0, 0) 
in the encoding directions (phase encoding direction PE and slice 
encoding direction SE) of the three-dimensional k-space. One example 
is to make positions for data acquisition (i.e., data mapping) in the k- 

2 0 space advance to depict a spiral trajectory. 

Based on the Elliptic Centric technique, the sampling order for the 
3Dtrics technique is determined. Fig. 3 pictorially explains this 
sampling order. This example shows that the k-space is formed into 
three regions A to C divided concentrically from the center thereof (i.e., 

2 5 the position at the phase encoding amount = 0 and the slice encoding 
amount = 0) and the RF excitation is repeated to allow the central region 
A to be subjected to data acquisition repeatedly a predetermined times 
greater than that for the remaining regions. The shapes and the number 
of divided regions are not limited to the above. Alternatively, the k-space 

30 can be divided into elliptical regions or rectangular regions, and the 
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number of regions may be four or more. 

A practical sampling order is, for example, "A, B, A, C," "A, B, A, 
C,* "A, B, A, C." To perform the sampling in this order, all the 
encoding amounts are lined up sequentially in nme, and the lined-up 
5 encoding amounts are divided every repletion of "A, B, A, C" for 
memorization. This makes it possible that a dynamic scan is performed 
with taking every repletion of M A, B, A, C as one unit. 

From echo data acquired based on the sampling order consisting 
of each set of repetitions U A, B, A, C," a viewer share technique is applied 

10 to post-processing of the acquired data. Hence both of the first 
acquisition tt A" and the second acquisition "A* in each set are used to 
produce data U A U B,, d" and "A ?i B 7 , C 0 " thus improving the temporal 
resolution by 1.5 times. 

The pre-pulse is applied in the sampling order based on the 

IS 3Dtrics technique using the foregoing Ellipnc Centric algorithm. Fig. 4 
pictorially explains this application of the pre-pulse. 

As shown in Fig. 4, the k-space is divided concentrically into four 
regions Sa to SD from the center (phase encoding amount = 0 and slice 
encoding amount = 0). As the data acquisition is made to advance 

20 outward from the central region SA in the k-space, a rate at which the 
pre-pulse is applied for data acquisition (application rate) is reduced. 
Conversely, the application rate of the pre-pulse in acquiring data to be 
mapped in the central region SA is set to a higher rate than those to the 
outer remaining regions. 

2 5 One example is that, for acquiring data to be mapped in the 

central region SA, the pre-pulse is applied every RF excitation, while, for 
acquiring data to be mapped in the outside regions SB to SD, no pre- 
pulse is applied. That is, only for the central region SA, whenever each 
RF excitation pulse (flip pulse) is applied, one piece of pre-pulse is 

30 applied prior to the application of the RF excitation pulse, thus providing 



one to one correspondence between applying the pre-pulse and applying 
the RF excitation pulse. However, for the remaining regions SB to SA, 
the ratio of application between the pre-pulse and the RF excitation pulse 
becomes a ratio of "zero to 1 " 
5 Another example can be provided such that, for acquiring data to 

be mapped in the central region SA, the pre-pulse is applied every RF 
excitation, but, for acquiring data to be mapped in the outside regions SB 
to SD, the pre-pulse is applied intermittently. In addition, another 
example is to increase the intermittent rate (i.e., decrease the application 

10 rate) of the pre-pulse for the outside regions SB to SD as the data 
acquisition position is made to advance outward in the k-space, while 
still maintaining the one to one correspondence for the central region SA. 

For instance, as shown in Fig 4, when it is assumed that thirty 
encoding amounts are assigned to each of the phase and slice encoding 

15 directions, the regions SA to SD can be divided as follows: 

(1) the region SA is defined by encoding amounts of 0 to ±5; 

(2) the region SB is defined by encoding amounts of ±6 to *7; 

(3) the region SC is defined by encoding amounts of ±8 to ±9, and 

(4) the region SD is defined by the remaining encoding amounts. 
2 0 In rhis situation, the number of times of the pre-pulse application can be 

determined such that: 

(IA) as to the data acquisition involving encoding amounts of 0 to 
±3 in the region SA, the pre-pulse is applied every RF excitation, 

(IB) as to the data acquisition involving encoding amounts of ±4 to 
2 5 ±5 in the region SA, the pre-pulse is applied every two RF excitations; 

( IC) as to the data acquisition involving encoding amounts of ±6 to 
±7 in the region SB, the pre-pulse is applied every three RF excitations; 

(ID) as to the data acquisition involving encoding amounts of ±8 
to *9 in the region SC, the pre-pulse is applied every five RF excitations; 

J 0 and 

i 
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(IE) as to the data acquisition involving the remaining encoding 
amounts in the region SD, no pre-pulse is applied 

In this setting of the pre-pulse, the shape and number of divided 
regions are not confined to the above stated one. For instance, the k- 
5 space can be divided into several elliptical or quadrangular regions. The 
number of divided regions may be five or more. Further, the intermittent 
rate of application for the pre-pulse may also be modified to another one. 

Additionally, basically, how to divide the k-spaee in order to 
designate the sampling order based on the 3Dtrics technique and how to 

10 determine the application rate of the pre-pulse are independent of each 
other. According to for what the pre-pulse is applied and/or what region 
is scanned, how to divide the k-space and the application rate of the 
pre-pulse are decided; 

The pulse sequence, which can be formed according to the above 

15 principle, is partially exemplified m Fig. 5, which also illustrates an 
alternative to a program PG according to the present invention. This 
pulse sequence is based on the 3D FFE method, in which both of the 
phase encoding amount and the slice encoding amount are given so as to 
comply with the sampling order based on the 3Dtncs technique 

2 0 combined with the Elliptic Centric technique and to comply with how to 
apply the pre-pulse based on the principle derived from the present 
invention. Hence the pulse sequence in Fig. 5 shows sequentially in 
time a switchover from a state where the pre-pulse is applied every RF 
excitation (i.e., every application of a flip pulse) to another state where the 

2 5 single pre-pulse is applied every four RF excitations. 

A variety of types of pulses can be designated as the pre-pulse. 
By way of example, the pulses usable as the pre-pulse include a fat 
suppression pulse to suppress acquisition of an MR signal coming from 
fat in an object, an IR (Inversion Recovery) pulse to invert magnetic spins, 

30 an MT (Magnetic Transfer) pulse to positively cause an MT effect in an 
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object, a pre-saturation pulse to have magnetic spins saturated at a given 
region before an imaging scan, and a tagging pulse to tag the magnetic 
spins of a flow of blood: 

The pulse sequence produced as above is store in the storage 1 1 
5 in advance. For conducting contrast enhanced MRA, the host computer 
6 issues a command, and responsively to this insurance of the command, 
the data indicative of the pulse sequence is read out from the storage 11 
to be sent to the sequencer 5 via the host computer 6. 

An MR contrast agent is then injected into an object P through the 

10 vein. At an appropriate timing before the contrast agent reaches a 
region to be scanned in the object P, the host computer 6 makes the voice 
generator 16 to utter a voice message for a temporal breath hold toward 
the object P. Responsively to this message, the object (patient) P is to 
temporarily begin a continuous breath hold. 

15 The sequencer 5 operates to, at an appropriate timing, to drive 

both of the gradient power supply 4 and the transmitter 8T on the basis of 
the information about the pulse sequence. This drive enables a desired 
region of the object P to be scanned magnetically under a dynamic scan 
based on the 3D-PFE method, for example The sampling order during 

20 this scan is, if explained according to the example shown in Fig. 3, as 
already described, the order of regions "A, B, A, C, w "A, B, A, C,* "A, B, 
A, C." Thus as the acquisition position approaches to the central part of 
the k- space, data to be mapped in the k- space is sampled more largely. 
In addition, during the dynamic scan, the closer data to be 

2 5 mapped in the k-space to the central region thereof, the higher the 
application rate of the pre-pulse to the acquired data. In other words, 
for acquiring lower-frequency-component data to be mapped in a central 
region in the k-space, such region being dominant in controlling an image 
contrast, the pre-pulse is applied at a higher rate than that in the outer 

30 surrounding regions of the k-space. In contrast, in cases where 



1 7 



higher-irequency-eomponent data mapped in Those outer surrounding 
regions in the k-space, the rate of application of the pre-pulse is reduced 
The higher-frequency-component data contributes to depicting the 
contour of a re al 7 space image, but in the case of the contrast enhanced 
5 MRA 7 the contour of an image is not targeted as an interested region from 
a diagnostic viewpoint. Hence, in the outside regions in the k-space, 
priority is not given to the application of the pre-pulse. 

The data acquired through the dynamic scan executed using the 
above pulse sequence is sent to the calculator 10, wherein the data is 

10 mapped in a three-dimensional k-space, processed based on a view share 
technique, and then reconstructed into real-space MR images. 

As stated above, in the dynamic scan according to the present 
embodiment, data that should be mapped at the center of the k-space is 
first acquired immediately after starting the scan. During this 

15 acquisition, the closer the data to be mapped to a central region in the 
k-space, the more the number of acquisition times for the data. This 
makes it possible to give priority to the data to be mapped in the central 
region in the k-space. The acquired data including such priority-given 
data is subjected to post-processing, so that temporal resolution of the 

2 0 dynamic imaging can be raised. Concurrently, a desired type of pre- 
pulse can be applied, whereby a pre-pulse effect according to the type of 
the pre-pulse is given. In this application, the pre-pulse is preferentially 
applied when acquiring data to be mapped in a central region or regions 
near thereto, which are considered best significant for the contrast 

2 5 enhanced MRA. 

Accordingly, compared to applying the pre-pulse to the object 
uniformly over the applications of the RF excitation pulses during 
acquisition of data to be mapped in the entire k-space, an image is able to 
have higher-quality contrast, thus non-evenness in image intensities can 

30 be enhanced, thus contrast-agent- specific images being depicted with 
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high contrast. An effect derived from application of the pre-pulse (for 
example, a fat suppression effect) is enhanced in a multiplication manner 
with improvement in the temporal resolution, whereby higher-quality 
MRA images can be provided. 
5 Furthermore, when acquiring data to be mapped in a higher- 

frequency-component region in the k-space, the pre-pulse is applied to 
the object only at a lower rate than that for the lower-frequeney- 
component region. That is, the application rate in such a situation is 
reduced to a lower value or 2ero. It is therefore possible that the entire 

10 scan time is reduced largely, compared to the configuration of applying 
the pre-pulse to the object every RF excitation. For instance, even for a 
three-dimensional scan, the entire scan time can be kept to an order of 
20 seconds or less: This scan time falls into a period of time during 
which an ordinary patient is able to keep continuing his or her one-time 

15 breath hold Hence artifacts resulting from patient motion due to his or 
her breathing can be lessened. Data to be mapped in a higher- 
frequency-component range in a k-space is normally depicted as the 
contour portion of an object on an image, the contour portion having less 
interest in terms of medical diagnosis. This means that a minimum level 

20 of contour image which can represent, at least, its shape is still enough, 
and there is hardly influence on diagnosis. 

By the selective (intermittent) application of the pre-pulse, an 
effect from a desired pre-pulse is obtained securely and the foregoing 
temporal resolution is kept to a higher level, thus providing fine images. 

2 5 As described above, in the magnetic resonance imaging system 

and the data acquisition method therefore according to the presenr 
embodiment, a scan can be finished withm a one-time breath hold period 
executable to ordinary patients, higher temporal resolution can be kept, 
and an effect from a desired pre-pulse can be obtained. Particularly, a 

30 dynamic scan preferable to a three-dimensional contrast enhanced MRA 
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can be conducted securely. Three-dimensional image data obtained in 

this embodiment explicitly shows us superiority when such data is 

subjected to three-dimensional MPR (Multi Planar Reconstruction) or 

rotational display of image produced by an MIP (Maximum Intensity 

5 Projection) technique/ Practically, compared to images produced by the 

conventional encoding technique, higher-quality images with less 

blurring and distortions can be provided. 

For the sake of completeness, it should be mentioned that the 

embodiment explained so far is not a definitive list of possible 
. i ■ 
10 embodiments of the present invention. The expert will appreciate that it 

is possible to combine the various construction details or to supplement 

or modify them by measures known from the prior art without departing 

from the basic inventive principle. 

For instance, in the foregoing embodiment, the intensity (amount) 

15 of the pre-pulse may also be adjusted in parallel with controlling the 
application rate of the pre-pulse. In addition, the foregoing magnetic 
resonance imaging is not always limited to application as being contrast 
enhanced MRA This magnetic resonance imaging according to the 
present invention is also applicable to a half- Fourier reconstruction 

2 0 algorithm and a parallel imaging using a multi-coil including a plurality 
of coil elements, thus providing more improved temporal resolution. 

The entire disclosure of Japanese Patent Application No. 2002- 
189883 filed on June. 28, 2002 including the specification, claims, 
drawings and summary is incorporated herein by reference in its entirety. 
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